Objective: To compare the effect of continuous versus bolus feeding on behavioral responses of stress in very low birth weight infants during early postnatal life.
V ery low birth weight (VLBW) infants are physiologically unprepared for and very sensitive to exteroceptive stressors, such as the exposure to bright light, noise, and caring procedures in the newborn intensive care unit. 1 There is also a growing concern that repeated physical stress caused by painful invasive procedures in early life have noxious long-term effects on the wiring of the neuronal networks. [2] [3] [4] Interoceptive stress due to feeding difficulties may be as important. Previous studies on healthy human adults exposed to interoceptive stressors have shown significant immediate effect on gastrointestinal function by inhibition of gastric emptying and alterations in gastric secretion. [5] [6] [7] Stanghellini et al 7 proposed that elevations in plasma levels of catecholamine and b-endorphin due to stress may be involved as mediators of the central effects on the gut. Because of the immature, disorganized gastrointestinal motility pattern among very preterm infants, enteral feeding is often followed by symptoms of gastric distension and gastrointestinal intolerance. [8] [9] [10] [11] VLBW infants also have a need for an orogastric or nasogastric feeding tube because of immaturity of coordination between suck-swallow and breathing. These feeding tubes, which are inserted hundreds of times during hospital stay, irritate very sensitive areas in the nose and the pharynx. One cannot exclude that both gastrointestinal intolerance, gastric distension and the need of a feeding tube are potential stressors and might cause discomfort and pain in these very vulnerable infants. To investigate whether continuous feeding might be a beneficial alternative to bolus feeding, we conducted a randomized controlled trial where the effects of continuous versus bolus feeding on VLBW infants' physiology and behavior were compared. According to the first report from this study, continuous feeding promotes both gastrointestinal tolerance and growth compared with bolus feeding. 12 Other studies on preterm infants show that enteral feeding by bolus cause delayed gastric emptying and decreased duodenal motor response when compared with slow rate of feeding infusion. 13 Bolus feeding also negatively affects pulmonary function 14 and cerebral blood flow velocity, 15 and increases the energy expenditure. 16 These studies indicate physiologic pressure on the preterm infant during bolus feeding. However, attempts to assess the effects of different feeding methods on behavioral stress at an early postnatal age are, to our knowledge, scarce. In the present second report from our trial, we compared the effects of continuous versus bolus feeding with regard to behavioral responses, indicating stress at early postnatal age. We additionally evaluated whether the placement of the feeding tube, nasogastric versus orogastric, has an effect on the well-being of VLBW infants during early postnatal life.
MATERIALS AND METHODS

Setting and Participants
Infants were recruited at the 3 independent neonatal units of the Karolinska University Hospital in Stockholm, Sweden. Eligible infants were born at gestational age (GA) 24 to 29 weeks, with birth weight of <1200 g and with a respiratory stability [arterio/alveolar oxygen tension ratio 17 (a/A ratio)Z18] to start feeding within 30 hours after birth. Other inclusion criteria were absence of congenital malformations and maternal reading comprehension of the Swedish language. The regional ethics committee at Karolinska University Hospital approved the study. Informed written consent was obtained from parents before enrollment and they were free to withdraw at any point.
Design and Study Protocol
Infants were enrolled within 30 hours of birth and randomly assigned to one of the following tube-feeding methods: continuous feeding with nasogastric feeding tube remaining in place (index group), bolus feeding every 3 hours with nasogastric feeding tube remaining in place (control group 1), and bolus feeding every 3 hours with intermittently inserted orogastric feeding tube (control group 2). Randomization was achieved by using opaque envelopes in blocks of 12 randomly ordered in sequence by a person not connected to the study. Upon inclusion of an infant, the recruitment staff opened the next sequential envelope and informed the physician and nurse in charge of the assigned feeding method. Total amounts of enteral feeds were gradually increased by 10 to 20 mL/kg/d. Continuous feeding was administered by a syringe infusion pump. Control infants were bolus-fed during a period of 15 to 40 minutes by the nurse in charge of the infant. Duration of feeding was adjusted to the given volume. Data collection was performed by video recording the infants' behavioral responses to feeding at 3 prescheduled times: postnatal age of 7 ( ± 2) days, postnatal age of 15 ( ± 2) days, and postmenstrual age (PMA) of 32 ( ± 1) weeks. The time periods when video recording was performed were standardized to the first or second meal after noon for bolus-fed infants and in the same time period for continuous-fed infants. Index infants were recorded at a period of 45 to 65 minutes; control infants were recorded 10 to 15 minutes before feeding, during feeding, and 10 to 15 minutes after feeding, giving a total recording period of 45 to 65 minutes. The length of the recording period was adjusted to the feeding volume given in both index and control infants.
Procedure
Procedures in connection to video recording were highly standardized. These included taking temperatures, changing diapers, and placing the infant in a right-side position, supported by blanket rolls. Room lighting was put to semidarkness, and the blanket covering the incubator was removed. The infant was then left undisturbed for 30 minutes before video recording was started. Two cameras capable of taking pictures in a semidark environment were attached. Camera 1, with a zoom lens was placed in the front of the incubator, focusing on the infant's face and throat, provided detailed pictures of the infant's facial expression; camera 2, with a wide-angle lens was placed above the incubator, and provided detailed pictures of the infant's full body movements. The cameras were synchronized using a character generator for automatically imprinting a time code, and then connected to 2 separate videocassette recorders. A microphone recorded the infant's sounds. The principal investigator (A.D.) set up all technical devices throughout the period of data collection. The nurse in charge of the infant provided all care giving and was instructed to interact with the infant only if (1) the feeding method required it (defined as indirect nursing interaction), which included feeding-tube insertion, control of feeding-tube placement, and bolus feeding without physical contact with the infant; or (2) the infant showed signs of medical instability or signs of stress and discomfort and a need for physiologic and/or behavioral stabilization by the nurse (defined as direct nursing interaction).
Coding Behavioral Expressions
Behavioral expressions were derived from the manual of the Newborn Individualized Care and Assessment Program (NIDCAP). 18 NIDCAP behaviors were coded as occurring or not occurring during every 1-minute period throughout each of the video recordings. This coding process was performed by 2 independent coders, trained in the NIDCAP educational program. They were also specifically trained in coding from video recordings, to achieve excellent interrater reliability, according to the Fleiss standard. 19 The collected data were equally divided into 2 halves, one for each observer. During coding, 12% of the video recordings were tested for interrater and intrarater reliability. Coding was conducted blind to all clinical information and to when reliability tests were performed.
Selection of Behaviors
Twenty-four of the coded behaviors are defined as expressions indicating stress according to the NIDCAP manual. 18 To evaluate which behaviors were affected by feeding, sequence analyses of the mean frequency per minute were carried out among the control infants for observations before, during, and after feeding. Thirteen behaviors were found to be negatively or positively affected by feeding. These behaviors represented 4 of the 5 behavioral subsystems as described by Als 18, 20 in the NIDCAP model ( Fig. 1 ). According to the reliability test, the interrater reliability was satisfactory with a k value of 0.66 [95% confidence interval (CI): 0.62-0.70], as was the intrarater reliability with k value 0.81 (95% CI: 0.74-0.84), and 0.69 (95% CI: 0.63-0.75) for observers 1 and 2, respectively. The behavioral expressions, n = 11, which were not affected positively or negatively by bolus feeding, did not differ with regard to occurrence among index and control groups.
Statistical Analysis
For each infant and video recording, each 1-minute time period was observed with regard to the occurrence of the 13 behaviors (range, 0 to 13). The frequency of stress behaviors in total was then calculated as the sum of these occurrences divided by the total length of the video recording and defined as primary outcome. A high occurrence of behavioral stress was defined according to the distribution of the calculated frequencies among all the study infants (index and controls). For each of the 3 video recordings, 2 cutoff points were chosen, the 50th and the 75th percentile. An infant with a frequency above these cutoffs was classified a ''case,'' that is, experiencing stress. The primary outcome among index infants was compared with that among control infants by calculating crude and adjusted odds ratios (OR) together with a 95% CI by means of logistic regression analysis. Adjustments were made for sex, birth weight, GA, respiratory stability (a/A ratio), environmental conditions (light, sound, and activity level), 21 and bedding support. Because the 2 control groups did not differ regarding demographic factors, length of the recorded time period, rate of feeding infusion, or frequency of behavioral stress, the infants in the index group were compared with the 2 control groups taken together. When planning the present study, it was difficult to ensure a sufficient sample size for the current purpose. This was due to the lack of knowledge regarding frequency of behavioral expressions, indicating stress in this kind of very immature infant. However, given the observed frequencies, the sample size of the present study was sufficient (power above 0.80) to detect an OR in the order of about 3.9. Interrater and intrarater reliability were estimated by calculating Cohen k with 95% CI and interpreted according to Fleiss 19 
RESULTS
Out of 5659 admitted neonates, born between February 1998 and November 2001, 78 (1.4%) were eligible for enrollment. Of those, 70 were randomized. All 18 Behavioral expressions in bold, n = 13, are included in the analyses. Not bolded behavioral expressions, n = 11, were not affected positively or negatively by bolus feeding and did not differ with regard to occurrence among index and control groups. study infants on tube feeding were video recorded. Fiftyfour infants were eligible for video recording session 1 at age 7 days, 60 infants for recording 2 at age 15 days, and 60 infants for recording 3 at 32 weeks PMA. Data comprised 174 video recordings. The flow of participants through each recording session and dropout details are shown in Figure 2 .
There were no statistically significant differences among the 3 study groups regarding demographic and birth-related factors ( Table 1) or length of recorded time period (Table 2) . During recordings, bolus-fed infants had, as expected, a significantly higher feeding-infusion rate (mL/kg/min) than the continuous-fed infants (P<0.0001 for each recording session) ( Table 2) . When the frequency of behavioral stress was compared between the 2 bolus-fed groups (control 1 vs. control 2), no statistically significant differences were observed ( Fig. 3 ). Hence, these 2 control groups were taken together in the subsequent comparison with continuous-fed infants.
With regard to the frequency of behavioral responses to stress, there were no statistically significant differences between control infants and index infants at age 7 days, neither when using the 50th percentile cutoff [OR = 0.7 (95% CI: 0.3-2.0)] nor the 75th percentile cutoff [OR = 0.3 (95% CI: 0.1-1.1)]. These results remained virtually unchanged after adjustment for demographic and birth-related factors, respiratory stability, and environmental factors. At 15 days of age, control infants had a significantly higher risk of behavioral stress response compared with index, adjusted OR = 4.1 (95% CI: 1.1-15.4) when cutoff was set according to 50th percentile, and adjusted OR = 8.9 (95% CI: 1.3-62.9) when cutoff was set according to 75th percentile. A higher frequency of stress in control infants, compared with index infants, was also observed at 32 weeks PMA ( Table 3 ). An increase in behavioral stress response over time was observed. In control infants, stress response increased gradually from first recording at 7 days of age to 32 weeks PMA; in index infants, increase in stress response was seen between the second and third recording at 15 days of age and at 32 weeks PMA (Fig. 3) .
In additional analyses of other factors that might have affected infants' behavior during recording (diagnosed intraventricular hemorrhage grade III-IV and periventricular leukomalacia, exposure to invasive procedures, and treatment of analgetics and dexamethasone), no significant differences were found between index and controls (data not shown). However, at age 7 days, we found that continuous-fed infants had a higher enteral volume intake/kg/d, compared with bolus-fed infants, [MD (range, minimum-maximum), 59.4 (10.9 to 179.0) vs. 35.3 (4.8 to 149.8)], despite no significance (P = 0.12). During all 3 video recordings, there was a statistically significant higher frequency and duration of indirect nursing interaction among the control infants compared with the index infants (P<0.0001). The duration of direct nursing interaction among control infants was significantly longer than among index infants at all 3 video recordings (at age 7 and 15 d P = 0.01) and at 32 weeks PMA (P = 0.03). For frequency of direct nursing interaction, we found no significant differences at ages 7 and 15 days; however, there was a statistically significant higher frequency among controls compared with index infants at 32 weeks PMA (P = 0.03) ( Table 4 ).
DISCUSSION
The main finding from our study is that continuous feeding of infants with birth weights below 1200 g and with GA of 24 to 29 weeks, is associated with lower behavioral stress as compared with bolus feeding at postnatal age of 15 days and at 32 weeks PMA. This randomized controlled trial has several strengths. Prescheduled times for video recording and the recording of every infant on tube feeding ensured the absence of biased selection of infants. The standardization of procedures before recording, and the instructions of when the nurse in charge should interact with the infant, ensured methodologic consistency during data collection. The camera system ensured simultaneous detailed pictures of the infant's face and full body. The NIDCAP manual 18 is well defined and provides a range of behavioral stress cues, which have been used in NIDCAP observations since 1981, and in recent studies of pain and stress response. [22] [23] [24] However, no previous study has evaluated both interreliability and intrareliability in observations of behavioral expressions of stress during feeding in infants with as low GA and postnatal age as in the present study. Furthermore, we found it important to control for factors that might influence infant behaviors. In the comparison between continuous-fed infants and bolus-fed infants, we were able to consider potential confounding, not only from demographic and birth-related factors, but also FIGURE 3 . The mean frequency of behavioral stress response per minute with corresponding 95% CI for the index and control groups, by video recording session. Index group = continuous-fed infants; control group 1 = bolus nasogastric fed infants; control group 2 = bolus orogastric fed infants. No statistically significant differences between control group1 and 2 were observed (P value at recording 1, 2, and 3 were 0.358, 1.0, and 1.0, respectively). *The cutoff points, median, and percentile 75 are based on the frequency of stress and discomfort for all study infants, at each video recording 1, 2, and 3. wNumber (%) of cases over the cutoff point in each group, bolus, and continuous. zAdjusted for birth weight, GA, sex, arterial/alveolar oxygen tension ratio, environmental light, sound and activity level, and bedding support. yContinuous feeding n = 17, intermittent feeding n = 37. JContinuous feeding n = 19, intermittent feeding n = 41.
from respiratory stability and environmental factors as well as a number of other clinical factors. Limitation of the study included that even though coders were blinded to all clinical information, there was no possibility to be blind to group assignment. The significantly lower frequency of behavioral stress in the continuous-fed infants compared with the bolus-fed infants might come from the fact that the slower rate of feeding infusion minimizes the risk for gastric distension, which might lead to fewer negative visceral sensory experiences for the infant. Blondheim et al 14 demonstrated and suggested that the abdominal loading by bolus feeding could explain the adverse effects on respiratory function in VLBW infants. In a previous study, Baker and Berseth 25 proposed that the mechanical gastric distension caused by the rapid infusion of volume by bolus triggers a neural feedback loop via local reflexes to inhibit duodenal activity. Furthermore, in a study of healthy premature infants by de Ville et al, 13 slow rate of feeding infusion compared with bolus feeding showed a significant, more adultlike maturation pattern of antral and duodenal motor activity, and gastric emptying was significantly faster. In line with those results, we found previously that continuous feeding enhanced gastrointestinal tolerance compared with controls. 12 Even though not statistically significant, at postnatal age of 7 days a higher frequency of stress was observed among the continuously fed infants compared with controls. This may likely be explained by the higher total enteral volume intake/kg/d at the time, among the index infants compared with the controls.
Recently, in a study of more mature premature infants, Holsti et al 23 were using NIDCAP behaviors to evaluate behavioral responses to a painful stimulus. They reported that some NIDCAP motor system behaviors were associated with acute pain due to heel lance. In the present study, we found that feeding affected NIDCAP behaviors indicating stress, not only from the motor system but also from the attention-interaction system, autonomic-visceral system, and the state system as well. It seems that feeding, bolus feeding in particular, has a negative effect on the entire organism of the very immature infant at early postnatal age. Therefore, we were not surprised that the bolus-fed infants also showed significantly higher need of direct nursing interaction to calm down and stabilize during feeding, compared with the continuous-fed infants. As expected, the bolus-fed infants had a higher frequency and duration of indirect nursing interaction than the index infants. This is due to the bolus feeding method itself, requiring several necessary nursing interactions. Nevertheless, one cannot exclude that these interactions might also have influenced the infants' behavioral stress response. In line with previous reports of premature infants behavioral stress response to painful procedures, [26] [27] [28] we observed that frequencies of behavioral stress response to feeding also *Nursing interaction required by the feeding method, ie, feeding tube insertion, control of tube feeding placement and bolus feeding without physical contact with the infant.
wStatistical significant difference between groups (P<0.0001). zNursing interaction including direct physical contact with the infant required because of behavioral and physiologic instability of the infant. yStatistical significant difference between groups (P = 0.01). zStatistical significant difference between groups (P = 0.03).
increased over time. An explanation of this phenomenon has been suggested by Johnston et al, 28 and states that the older the infant, the more robust and recognizable the response. Another complementary explanation to the increasing behavioral stress response over time, which previously has been discussed and suggested, could be the issue of visceral sensitization to painful or stressful stimuli. 29, 30 In the present study performed at early stages of postnatal age, we could not detect any short-term differences in behavioral stress response between the 2 control groups regarding frequency of stress. This might be due to both methods of feeding-tube placement being potential stressors but in different ways. Nasogastric feeding tubes in situ have shown to increase nasal resistance, 31 compromise pulmonary function, 14 and also increase the risk for discomfort because of irritation and lesions of the nasal mucosa. On the other hand, intermittent negative orogastric sensorial stimuli, such as feeding-tube insertion, have immediate negative physiologic effects on cerebral blood flow velocity, vagal response, and inducing gastroesophageal reflux in premature infants. 15, 32, 33 Both pathophysiologic and epidemiologic data have suggested that early life stressors may influence the environmental programming of the immature human brain. [2] [3] [4] [34] [35] [36] Because premature infants are overrepresented in referrals to feeding disorder clinics, 37 one cannot exclude potential negative long-term effects on these infants' eating behavior and/or increased functional intestinal disorders later in life. 34, 38 It is, therefore, a major concern to minimize potential stressors in this subgroup of VLBW infants to decrease the potential risk for the development of long-term impairments.
In conclusion, our results suggest that continuous feeding is associated with lower behavioral stress response as compared with bolus feeding among infants with birth weight below 1200 g and with GA of 24 to 29 weeks. Because this method has previously been observed to be associated with increased gastrointestinal tolerance and growth, it merits as a feeding method of choice in early postnatal life. However, there is a need for further investigation to evaluate both behavioral and physiologic long-term effects of different feeding methods used in early postnatal life.
